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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   t o  

c h l o r o t r i f l u o r o e t h y l e n e   p o l y m e r   o r i e n t e d   f i l m s   and  a  

p r o c e s s   f o r   t h e i r   p r e p a r a t i o n .  

O r i e n t e d   f i l m s   of  c h l o r o t r i f l u o r o e t h y l e n e  

p o l y m e r s   a r e   w e l l   known  in  t he   a r t .   T h e s e   p o l y m e r s  

a r e   m e l t   e x t r u d e d   t h r o u g h   an  o r i f i c e   t o   form  a  f i l m  

and  a r e   t h e n   q u e n c h e d   and  d r a w n .   See  fo r   e x a m p l e  

U . S .   P a t e n t   4 , 0 1 1 , 8 7 4 .   H o w e v e r ,   such   f i l m s   t e n d   t o  

e x p a n d   in  t he   d i r e c t i o n   p e r p e n d i c u l a r   to   t h e  

d i r e c t i o n   of  s t r e t c h i n g   and,   h e n c e ,   a r e   no t   p r a c t i c a l  

f o r   h e a t   s h r i n k i n g   a r o u n d   s u b s t r a t e s   where   t e n s i o n   i n  

such   p e r p e n d i c u l a r   d i r e c t i o n   i s   r e q u i r e d   to   h o l d   t h e  

f i l m   t a u t .  

SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   p r o v i d e s   an  o r i e n t e d   f i l m  

w h i c h   i s   h e a t - s h r i n k a b l e ,   i . e . ,   t h e   f i l m   can   b e  

s h r u n k ,   on  h e a t i n g ,   a r o u n d   a  s o l i d   s u b s t r a t e .   T h e  

f i l m s   a r e   t h u s   u s e f u l   as  o u t d o o r   p r o t e c t i v e   c o v e r i n g s  

o v e r   a  v a r i e t y   of  o b j e c t s ,   e . g . ,   s t r e e t   s i g n s ,   o r  

o v e r   e l e c t r i c a l   w i r e   and  the   l i k e .  

The  o r i e n t e d   f i l m   i s   a  f i l m   o f  

s e m i - c r y s t a l l i n e   p o l y ( c h l o r o t r i f l u o r o e t h y l e n e )   or  o f  

a  c h l o r o t r i f l u o r o e t h y l e n e   c o p o l y m e r   w h i c h   c o n t a i n s   u p  

t o   5%  by  w e i g h t   of  u n i t s   of  an  e t h y l e n i c a l l y  

u n s a t u r a t e d   c o p o l y m e r i z a b l e   o r g a n i c   monomer ,   w h i c h  

f i l m ,   on  h e a t i n g ,   s h r i n k s   when  s h r i n k a g e   i s   m e a s u r e d  

in   one  d i r e c t i o n   and  d o e s   not   e x p a n d   in   a  d i r e c t i o n  

p e r p e n d i c u l a r   to   t h a t   of  f i r s t   d i r e c t i o n .  

F u r t b e r , t b e   f i l m ' s   t e n s i l e   m o d u l u s   m e a s u r e d   in  s a i d  

p e r p e n d i c u l a r   d i r e c t i o n   r e m a i n s   c o m p a r a b l e   to   t h e  

m o d u l u s   m e a s u r e d   in   t h e   f i r s t   d i r e c t i o n ,   t h e   c r e e p  
r e s i s t a n c e   m e a s u r e d   in  s a i d   p e r p e n d i c u l a r   d i r e c t i o n  



shows  s i g n i f i c a n t   i m p r o v e m e n t ,   m o i s t u r e   b a r r i e r  

p r o p e r t i e s   i n c r e a s e ,   s u r f a c e   e l e c t r i c a l   r e s i s t i v i t y  

i n c r e a s e s ,   and  p i e z o - e l e c t r i c   r e s p o n s e   is   e n h a n c e d .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   t he   f i l m s   h a v e   a  

s h r i n k a g e   of  0  to   2  p e r c e n t   in  t h e   d i r e c t i o n  

p e r p e n d i c u l a r   to   t he   d i r e c t i o n   of  s t r e t c h i n g  

( h e r e i n a f t e r   c a l l e d   " t r a n s v e r s e "   d i r e c t i o n ) ,   a n d  

s h r i n k a g e   of  a t   l e a s t   12  p e r c e n t   in  t h e   d i r e c t i o n   o f  

s t r e t c h i n g   ( h e r e i n a f t e r   c a l l e d   " l o n g i t u d i n a l "  

d i r e c t i o n ) ,   when  h e a t e d   f o r   2  m i n u t e s   a t   1 5 0 ' C   a n d ,  

p r e f e r a b l y ,   a  t r a n s v e r s e   t e n s i l e   m o d u l u s   g r e a t e r   t h a n  

65  p e r c e n t   of  t h e   l o n g i t u d i n a l   t e n s i l e   m o d u l u s   a t  

room  t e m p e r a t u r e   and  at   l e a s t   a  t w o - f o l d   i m p r o v e m e n t  

in  t r a n s v e r s e   c r e e p   r e s i s t a n c e   o v e r   t h a t   of  t h e  

u n s t r e t c h e d   f i l m .  

A l s o   p r o v i d e d   i s   a  p r o c e s s   f o r   t h e  

p r o d u c t i o n   of  t h e s e   f i l m s ,   as  w e l l   as  a  p r o c e s s   b y  

wh ich   t h e s e   f i l m s   a r e   h e a t   s e t .   A l s o   p r o v i d e d   a r e  

t h e r m a l l y   d i m e n s i o n a l l y   s t a b l e   f i l m s .  

DETAILED  DESCRIPTION 

The  p o l y ( c h l o r o t r i f l u o r o e t h y l e n e )   and  t h e  

c h l o r o t r i f l u o r o e t h y l e n e / c o m o n o m e r   p o l y m e r s   u s e d   i n  

t h i s   i n v e n t i o n   a r e   w e l l   known,   as  i s   t he   f o r m a t i o n   o f  

f i l m s   f rom  t h e   p o l y m e r s .   The  comonomer   i s   a n  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o p o l y m e r i z a b l e   o r g a n i c  

m o n o m e r .   R e p r e s e n t a t i v e   c o m o n o m e r s   i n c l u d e  

a l p h a - o l e f i n s ,   such   as  e t h y l e n e ;   f l u o r i n a t e d  

a l p h a - o l e f i n s ,   such  as  h e x a f l u o r o p r o p y l e n e ,  

h e x a f l u o r o i s o b u t y l e n e ,   v i n y l i d e n e   f l u o r i d e ,  

t e t r a f l u o r o e t h y l e n e ;   f l u o r i n a t e d   e t h e r s   such  a s  

p e r f l u o r o a l k y l   v i n y l   e t h e r s   and  f o r   i n s t a n c e ,  

p e r f l u o r o p r o p y l   v i n y l   e t h e r :   p e r f l u o r o a l k y l   e t h y l e n e s  

s u c h   as   p e r f l u o r o b u t y l   e t b y l e n e s ;   and  t h e   l i k e .  

G e n e r a l l y   s p e a k i n g ,   t h e   p o l y m e r   i s   e x t r u d e d  

in  m e l t   f o rm  from  an  o r i f i c e   and  q u e n c h e d   t o   w e l l  



b e l o w   i t s   m e l t i n g   p o i n t .   The  e x t r u s i o n   o r i f i c e   c a n  

be  such   t h a t   t h e   f i l m   p r o d u c e d   i s   in  f l a t   s h e e t   o r  

t u b u l a r   f o r m .   The  f i l m   t h i c k n e s s   w i l l   g e n e r a l l y   b e  

b e t w e e n   0 . 5   and  100  m i l s   b e f o r e   s t r e t c h i n g   and  a b o u t  

0 . 0 5   and  20  m i l s   a f t e r   s t r e t c h i n g .   I f   t u b u l a r   f i l m  

i s   t o   be  s t r e t c h e d   in  a c c o r d a n c e   w i t h   t he   s u b j e c t  

i n v e n t i o n ,   t h e   t u b e   may  f i r s t   be  c o l l a p s e d   and  l a i d  

f l a t ,   or  be  s l i t   and  o p e n e d   i n t o   f l a t   s h e e t   f o r m .  

The  f i l m s   t h a t   a r e   s u b j e c t e d   to   t h e  

s t r e t c h i n g   p r o c e d u r e s   d e s c r i b e d   h e r e i n   a r e  

s u b s t a n t i a l l y   u n s t r e t c h e d   f i l m s .   In  o t h e r   w o r d s   t h e  

f i l m s   a r e   " a s - c a s t "   f i l m s   w h i c h   h a v e   low  m o d u l i   a n d  

s t r e n g t h .   N o r m a l l y ,   t h e s e   f i l m s   h a v e   m o d u l i   of  a b o u t  

900  MPa  i n   t h e   t r a n s v e r s e   and  l o n g i t u d i n a l   d i r e c t i o n ,  

and  e x h i b i t   a  d i m e n s i o n a l   s t a b i l i t y   of  a b o u t  +   2 . 0  

p e r c e n t   in   e a c h   d i r e c t i o n   when  h e a t e d   at   150°C  ( a  

n e g a t i v e   d i m e n s i o n a l   c h a n g e   r e p r e s e n t s   e x p a n s i o n ) .  

To  o r i e n t   t h e   f i l m s ,   t h e   f i l m s   a r e  

t r a n s p o r t e d   i n t o   c o n t a c t   w i t h   and  p a r t i a l l y   a r o u n d   a  

p a i r   of   r o l l s .   The  r o l l s   a r e   a l i g n e d   p a r a l l e l   w i t h  

e a c h   o t h e r   and ,   to   e f f e c t u a t e   u n i a x i a l   s t r e t c h i n g   o f  

f i l m   t h e   p e r i p h e r a l   d r i v e   s p e e d   of  t he   f i r s t   r o l l   i s  

s l o w e r   t h a n   t h a t   of  t h e   s e c o n d   r o l l ,   t he   d i f f e r e n c e  

in  p e r i p h e r a l   d r i v e   s p e e d s   b e i n g   s u c h  t h a t   t h e   f i l m  

is   s t r e t c h e d   t o   a t   l e a s t   2 .5   t i m e s   t he   l e n g t h   of  t h e  

u n s t r e t c h e d   f i l m .   The  b r e a k   p o i n t   f o r   many  f i l m s  

c o v e r e d   h e r e i n   i s   a b o u t   5  t i m e s   t h e   l e n g t h   o f  

u n s t r e t c h e d   f i l m s .   Of  c o u r s e ,   m u l t i p l e   r o l l s   m a y  
a l s o   be  u s e d   t o   e f f e c t u a t e   s t r e t c h i n g .  

To  p r e v e n t   s l i p p a g e   of  f i l m   on  t h e   r o l l s ,  

t h e   f i l m   i s   c o n t a c t e d   w i t h   t h e   r o l l s   as ,   f o r   e x a m p l e ,  

by  t h e   p a r t i a l   w r a p p i n g   of  t h e   f i l m   a r o u n d   t h e  

r o l l s .   A l t e r n a t i v e l y ,   c o n v e n t i o n a l   n i p   r o l l s   may  b e  

u s e d   t o   f o r c e   f i l m   o n t o   e i t h e r   or  b o t h   r o l l s .  



The  f i l m   must   be  h e a t e d   to   a  t e m p e r a t u r e   a t  

l e a s t   a b o u t   40 'C   a b o v e   t h e   s e c o n d   o r d e r   t r a n s i t i o n  

t e m p e r a t u r e   of  t he   p o l y m e r   in  o r d e r   to   a c c o m p l i s h   t h e  

d e s i r e d   s t r e t c h i n g .   P r e f e r a b l y ,   t h i s   s t r e t c h i n g  

t e m p e r a t u r e   i s   b e t w e e n   85*  and  1 3 0 ' C .   The  f i l m   n e e d  

be  at   s t r e t c h   t e m p e r a t u r e   when  i t   e n t e r s   t h e   s t r e t c h  

z o n e .   The  b e a t i n g   can  be  a c c o m p l i s h e d   by,   e . g . ,  

h e a t i n g   t h e   r o l l ,   or  by  h o u s i n g   t h e   s t r e t c h i n g  

a p p a r a t u s   in   an  o v e n .  

To  o b t a i n   t he   s h r i n k a g e   c h a r a c t e r i s t i c s   i n  

t h e   f i l m   as  a  r e s u l t   of  s t r e t c h i n g ,   t h e   f i l m   mus t   b e  

h e l d   u n d e r   t e n s i o n   u n t i l   c o o l e d   t o   b e l o w   t h e   s e c o n d  

o r d e r   t r a n s i t i o n   t e m p e r a t u r e   of  t h e   p o l y m e r .   T h i s  

may  be  a c c o m p l i s h e d   by  c o n v e n t i o n a l   c o o l i n g   m e a n s  

a p p l i e d   b e t w e e n   t h e   s e c o n d   r o l l   and  t h e   w i n d - u p   m e a n s  

o r ,   a l t e r n a t i v e l y ,   t h e   s e c o n d   r o l l   may  a c t   as  a  

c o o l i n g   m e a n s .   As  i s   common  w i t h   s t r e t c h e d   f i l m ,   t h e  

v e r y   e d g e s   of  t h e   f i l m   a r e   of  n o n - u n i f o r m   g a u g e  
r e l a t i v e   t o   t h e   r e m a i n d e r   of  t h e   f i l m .   T h e s e   e d g e s ,  

or  " b e a d s " ,   a r e   g e n e r a l l y   t r i m m e d   p r i o r   t o   p a c k a g i n g  

t he   wound  f i l m .  

The  f i l m   to  be  s t r e t c h e d   must   be  a  

s u b s t a n t i a l l y   a m o r p h o u s   f i l m   in  o r d e r   to   o b t a i n   g o o d  

o r i e n t e d   f i l m .   By  " s u b s t a n t i a l l y   a m o r p h o u s "   i s   m e a n t  

t h a t   x - r a y   d i f f r a c t i o n   p a t t e r n s   of  t he   f i l m   s h o w  

d i f f u s e l y   s c a t t e r e d   x - r a y s ,   in   c o n t r a s t   t o   t h e   m o r e  

o r d e r e d   s h a r p e r   p a t t e r n s   e x h i b i t e d   b y  

s e m i - c r y s t a l l i n e   m a t e r i a l s .   A f t e r   s t r e t c h i n g ,   t h e  

f i l m   i s   s e m i - c r y s t a l l i n e .  

In  a d d i t i o n ,   a n o t h e r   c r i t i c a l   a s p e c t   of  t h e  

s u b j e c t   i n v e n t i o n   i s   t he   r a t i o   of  t h e   w i d t h   of  t h e  

f i l m   t o   be  s t r e t c h e d   to   t h e   l e n g t h   of  t h e   s t r e t c h  

z o n e ,   t h e   s t r e t c h   zone  b e i n g   d e f i n e d   as  t h e   l e n g t h   o f  

f i l m   w h i c h   i s   a l l o w e d   to   s t r e t c h   a t   any  g i v e n  

i n s t a n t ,   i . e . ,   t he   l e n g t h   of  t h e   f i l m   b e t w e e n   t h e  



r o l l s   as  m e a s u r e d   f rom  t h e   t a n g e n t   of  t h e   f i l m   t h a t  

c o n t a c t s   the   r o l l .   The  r e s u l t   of  t oo   s m a l l   a  r a t i o ,  

as  s e e n   b e l o w ,   i s   a  f i l m   w h i c h ,   when  r e - h e a t e d ,  

s h r i n k s   in  t he   d i r e c t i o n   of  s t r e t c h i n g   bu t   e x p a n d s   i n  

" the   d i r e c t i o n   p e r p e n d i c u l a r   to   s t r e t c h i n g .   F o r  

p u r p o s e s   of  t he   s u b j e c t   i n v e n t i o n ,   t h e   r a t i o   of  f i l m  

w i d t h   t o   s t r e t c h   zone   l e n g t h   need   be  g r e a t e r   t h a n  

a b o u t   3,  p r e f e r a b l y   g r e a t e r   t h a n   a b o u t   10.  O f  

c o u r s e ,   i f   a  p a r t i a l   w r a p - a r o u n d   s t r e t c h i n g   a p p a r a t u s  

i s   t o   be  u s e d ,   t h e   d i s t a n c e   b e t w e e n   t h e   two  r o l l s  

n e e d   o n l y   be  g r e a t e r   t h a n   t h e   t h i c k n e s s   of  t h e   f i l m  

in   o r d e r   fo r   t h e   f i l m   t o   p a s s   b e t w e e n   t h e   r o l l s .   I f  

t h e   s t r e t c h   zone   i s   g r e a t e r ,   t h e   f i l m   b e c o m e s  

f i b r i l l a r .  

A n o t h e r   c r i t i c a l   a s p e c t   of  t he   s u b j e c t  
i n v e n t i o n   i s   t h e   d e g r e e   of  u n i a x i a l   s t r e t c h i n g .   F i l m  

s t r e t c h e d   l e s s   t h a n   a b o u t   2 .5   t i m e s   i t s   o r i g i n a l  

l e n g t h   t e n d s   to   e x p a n d   upon   h e a t i n g   in   t h e   d i r e c t i o n  

p e r p e n d i c u l a r   to   s t r e t c h i n g .   When  an  a t t e m p t   i s   m a d e  

t o   s t r e t c h   t h e   f i l m   g r e a t e r   t h a n   a b o u t   5  t i m e s   i t s  

u n s t r e t c h e d   l e n g t h ,   t h e   p o l y m e r   f i b r i l l a t e s   a n d  

u l t i m a t e l y   b r e a k s .  

In  t h e   f i l m s   of  t h i s   i n v e n t i o n ,   t h e   t e n s i l e  

m o d u l u s   in  t he   d i r e c t i o n   p e r p e n d i c u l a r   to   t h e  

s t r e t c h i n g ,   i . e . ,   t h e   t r a n s v e r s e   d i r e c t i o n   ( T D ) ,  

i n c r e a s e s   w i t h   s t r e t c h   r a t i o   and ,   upon  c o m p l e t i o n   o f  

t h e   u n i a x i a l   s t r e t c h i n g   as   d e s c r i b e d   a b o v e ,   r e m a i n s  

g r e a t e r   t h a n   65  p e r c e n t   of   t h e   t e n s i l e   m o d u l u s   in   t h e  

d i r e c t i o n   of  s t r e t c h i n g ,   i . e ,   t h e   l o n g i t u d i n a l  

d i r e c t i o n   (LD).   T h i s   r e s u l t   i s   s u r p r i s i n g   as  i t   h a s  

g e n e r a l l y   b e e n   f o u n d   t h a t   u n i a x i a l   s t r e t c h i n g   d o e s  

n o t   s u b s t a n t i a l l y   a l t e r   t h e   t r a n s v e r s e   t e n s i l e  

m o d u l u s .  

F u r t h e r ,   t h e   f i l m s   of  t h i s   i n v e n t i o n  

e x h i b i t   t r a n s v e r s e   s h r i n k a g e   of  0  to   2  p e r c e n t ,   a n d  



l o n g i t u d i n a l   s h r i n k a g e   of  a t   l e a s t   12  p e r c e n t ,   w h e n  

h e a t e d   f o r   2  m i n u t e s   a t   1 5 0 ° C .  

The  t e s t   fo r   d e t e r m i n i n g   t h e   amount   o f  

s h r i n k a g e   in  a  n o n - h e a t - s e t   f i l m   is   as  f o l l o w s :  

S ix   10  cm  x  2 .5   cm  s a m p l e s   a r e   cu t   f rom  t h e  

m a t e r i a l ,   t h r e e   a l o n g   the   d i r e c t i o n   of  s t r e t c h   a n d  

t h r e e   p e r p e n d i c u l a r   to   i t .   They  a r e   p l a c e d   in   a n  

oven  a t   150°C  f o r   a  p e r i o d   of  two  m i n u t e s   w i t h   n o  

r e s t r a i n t .   A f t e r   r e m o v a l   and  a i r   c o o l i n g ,   t h e  

s a m p l e s   a r e   m e a s u r e d   in  t h e i r   l o n g   d i m e n s i o n .   T h e  

p e r c e n t   s h r i n k a g e   is   c a l c u l a t e d   f o r   two  d i r e c t i o n s ,  

and  t h e   r e s u l t s   a v e r a g e d   f o r   e a c h   d i r e c t i o n   ( a  

n e g a t i v e   s h r i n k a g e   r e p r e s e n t s   e x p a n s i o n ) .  

be low  t h e   c r y s t a l l i n e   m e l t i n g   p o i n t   of  t h e   p o l y m e r .  

The  u n i a x i a l l y   s t r e t c h e d   f i l m   p r o d u c e d   i n  

a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   a b o v e   can  be  b e a t   s e t  

in  any  c o n v e n t i o n a l   m a n n e r   to   e n h a n c e   d i m e n s i o n a l  

s t a b i l i t y .   For   e x a m p l e ,   t h e   f i l m   can  be  run   o v e r   a  

p a i r   of  r o l l s ,   t h e   f i r s t   h e a t e d   t o   a  b e a t   s e t  

t e m p e r a t u r e   a b o u t   10°C  b e l o w   t h e   c r y s t a l l i n e   m e l t  

t e m p e r a t u r e   of  t he   p o l y m e r ,   t h e   s e c o n d ,   a c t i n g   as  a  

c o o l i n g   r o l l ,   h a v i n g   a  t e m p e r a t u r e   b e l o w   t he   s e c o n d  

o r d e r   t r a n s i t i o n   t e m p e r a t u r e   of  t h e   p o l y m e r .   T h e  

p e r i p h e r a l   d r i v e   s p e e d s   of  t h e s e   r o l l s   may  b e  

a p p r o x i m a t e l y   e q u a l   to   a l l o w   what   i s   known  in   t h e   a r t  

as  s t r e s s   r e l a x a t i o n   o r ,   a l t e r n a t i v e l y ,   t h e   s e c o n d  

r o l l   may  be  r u n   at   a  s p e e d   s l i g h t l y   s l o w e r   t h a n   t h e  

f i r s t   to  a l l o w   what   i s   known  as  s t r a i n   r e l a x a t i o n .  

The  t i m e   of  h e a t   s e t t i n g   i s   no t   c r i t i c a l   so  l o n g   a s  

the   f i l m   b e c o m e s   d i m e n s i o n a l l y   s t a b l e .  

The  t e s t   f o r   d e t e r m i n i n g   d i m e n s i o n a l  

s t a b i l i t y   of  a  h e a t - s e t   f i l m   is   as  f o l l o w s :  

T h r e e   10  cm  x  10  cm  s a m p l e s   a r e   c u t   f rom  t h e  

m a t e r i a l ,   one  f rom  t he   m i d d l e   and  one  f rom  n e a r   e a c h  

e d g e .   They  a r e   p l a c e d   in  an  oven   a t   t h e   d e s i g n a t e d  



t e m p e r a t u r e   f o r   a  p e r i o d   of  30  m i n u t e s   w i t h   n o  

r e s t r a i n t .   A f t e r   r e m o v a l   and  a i r   c o o l i n g ,   t h e  

s a m p l e s   a r e   m e a s u r e d   in  b o t h   t h e   LD  and  TD;  f i v e  

m e a s u r e m e n t s   a t   e q u a l l y   s p a c e d   i n t e r v a l s   a r e   made  i n  

e a c h   d i r e c t i o n ,   at  1,  3,  5,  7  and  9  cm.  For  e a c h  

s a m p l e   a  p e r c e n t a g e   d i m e n s i o n a l   c h a n g e   i s   c a l c u l a t e d  

and  t h e   r e s u l t s   a v e r a g e d   in  each   d i r e c t i o n .   When  s o  

t e s t e d ,   t h e   h e a t   s e t   f i l m s   a r e   d i m e n s i o n a l l y   s t a b l e  

and  e x h i b i t   a  t r a n s v e r s e   d i m e n s i o n a l   c h a n g e   o f  

b e t w e e n   0  and  2%  and  a  l o n g i t u d i n a l   d i m e n s i o n a l  

c h a n g e   of  0  t o   4%,  when  h e a t e d   f o r   t h i r t y   m i n u t e s   a t  

1 5 0 ° C .   F u r t h e r ,   t h e   t r a n s v e r s e   and  l o n g i t u d i n a l  

m o d u l i   a r e   i n c r e a s e d   o v e r   n o n - h e a t - s e t   f i l m ,   and  t h e  

t r a n s v e r s e   m o d u l u s   comes   to   w i t h i n   75%  of  t h e  

l o n g i t u d i n a l   m o d u l u s .   S u r p r i s i n g l y ,   t h e   e d g e  

t h i c k e n i n g ,   or  " b e a d "   e f f e c t   e v i d e n t   a f t e r   t h e  

u n i a x i a l   s t r e t c h i n g   d e t a i l e d   above   i s   r e d u c e d ,   and  i n  

some  c a s e s   e l i m i n a t e d ,   by  t h e   h e a t   s e t t i n g   of  t h e  

f i l m s .   T h i s   b e a d   e l i m i n a t i o n   r e s u l t s   in   i m p r o v e d  

t r a n s v e r s e   g a u g e   u n i f o r m i t y   not   g e n e r a l l y   e v i d e n c e d  

w i t h   s t r e t c h e d ,   h e a t   s e t   f i l m   of  t h e   p a s t .  

The  l a c k   of  t r a n s v e r s e   e x p a n s i o n ,   and  i n  

mos t   c a s e s   p o s i t i v e   t r a n s v e r s e   s h r i n k a g e ,   of  t h e  

f i l m s   of   t h e   s u b j e c t   i n v e n t i o n   a l l o w s   t h o s e   f i l m s   t o  

be  f i t ,   e . g . ,   a r o u n d   window  c a s i n g s ,   a r o u n d   c o o k i n g  

s u r f a c e s ,   o v e r   domed  f r a m e s   e t c . ,   and  h e a t   s h r u n k ,  

t h e r e b y   c a u s i n g   t h e   f i l m   to   draw  t a u t .   The  h i g h  

t r a n s v e r s e   t e n s i l e   m o d u l u s   a l l o w s   t h e   f i l m   t o  

w i t h s t a n d   c o n v e r s i o n   i n d u c e d   s t r e s s e s ,   d i s t o r t i o n   a n d  

w a r p a g e .   F i n a l l y ,   t h e   t w o - d i m e n s i o n a l   c r e e p  

r e s i s t a n c e   of  t h e   f i l m s   of  t h e   s u b j e c t   i n v e n t i o n  

r e d u c e s   t h e   n e e d   f o r   s t r u c t u r a l   s u p p o r t   f o r   t h e s e  

f i l m s .  

In  g e n e r a l ,   t h e   f i l m s   of  t h i s   i n v e n t i o n   a r e  

u s e f u l   as  c a r r i e r s ,   e l e c t r i c a l   i n s u l a t i o n ,   c h e m i c a l  



b a r r i e r s ,   t h e r m a l   b a r r i e r s ,   p h y s i c a l   b a r r i e r s ,  

s t r u c t u r a l   m e m b e r s ,   or  as  m a n u f a c t u r i n g   a i d s   in   t h e  

f o l l o w i n g   a p p l i c a t i o n s :   w i r e   b u n d l i n g ;   i n s u l a t i o n   f o r  

w i r e s ,   m e m b r a n e   s w i t c h e s ,   m o t o r   s l o t s ,   f l a t   c a b l e s ,  

f l e x i b l e   p r i n t e d   c i r c u i t s ,   c a p a c i t o r s ,   s t r a i n   g a u g e s ,  

u n d e r - c a r p e t   w i r i n g ,   t r a n s f o r m e r s ,   u l t r a h i g h   v o l t a g e  

c a b l e ,   c a b l e   s p l i c i n g   t a p e s ,   e t c . ;   e l e c t r e t s ;   t a m p e r  

r e s i s t a n t   s e a l s   f o r   o u t d o o r   use  such   as  f o r   u t i l i t y  

m e t e r s   and  o t h e r   t a m p e r   r e s i s t a n t   s e a l s ;   m i c a  

r e p l a c e m e n t ;   m i c r o w a v e   l e n s / w i n d o w   ( o v e n s / r a d o m e s ) ;  

t u b i n g   ( s p i r a l   wound,   l a m i n a t e d ,   s e a l e d ) ;   g a s k e t s ;  

d i a p h r a g m s ;   h e a t   e x c h a n g e r s ;   c h e m i c a l   r e a c t o r s ;  

l i n i n g s ;   d u c t i n g ;   e x p a n s i o n   j o i n t s ;   b a g s ;   s i g h t - g l a s s  

c o v e r i n g s ;   pond   l i n e r s ;   s h r i n k a b l e   c o v e r s ;   c o l u m n  

p a c k i n g ,   e . g .   f o r   d i s t i l l a t i o n ;   d e - m i s t   d e v i c e s ;  

p i l l o w s   ( e v a p o r a t i o n   c o n t r o l ) ;   f l a n g e   s a f e t y   c o v e r s ;  

s p i l l - c o n t r o l   b l a d d e r s ;   p r o t e c t i v e   c l o t h i n g ;   r u p t u r e  

d i s k s ;   a n t i s t i c k / c o r r o s i o n   r e s i s t a n t   s u r f a c i n g   o r  

c o v e r i n g ;   pumps ;   w i n d o w s   and  g l a z i n g ;   l i g h t i n g  

l e n s e s ;   s o l a r   c o l l e c t o r s  

( g l a z i n g / r e f l e c t o r / a b s o r b e r ) ;   c o a t e d   f i l m   b a s e ;  

s k y l i g h t s ;   a r c h i t e c t u r a l   p a n e l s ;   r e f l e c t i v e   f i l m  

( m e t a l l i z e d   and  l a m i n a t e d ) ;   g r e e n   h o u s e s ;   c o v e r s   f o r  

p h o t o v o l t a i c   c e l l s ;   s e w a g e   t r e a t m e n t   e n c l o s u r e s ;  

p r o t e c t i v e   l a m i n a t i o n s   ( i . e . ,   d o c u m e n t s ,   s i g n s ,  

d e c a l s ,   l a b e l s ) ;   r e l e a s e   f i l m s ;   m e t a l l i z i n g   c a r r i e r  

b e l t ;   c o o k i n g / h e a t i n g   e q u i p m e n t   (UV,  I R ,  

e l e c t r o m a g n e t i c ) ;   d e i c i n g   s u r f a c e s ;   r o l l   c o v e r i n g ;  

s o l a r   s a i l s ;   d r a f t i n g   f i l m ;   s a f e t y   s h i e l d s   f o r   l i g h t  

and  h e a t   s o u r c e s   ( b u l b s ,   f l a m e ,   e t c . ) ;   c h e m i c a l  

s e r v i c e ;   p r e s s u r e   s e n s i t i v e   t a p e   b a s e ;   b e l t i n g ;  

c l o s u r e s   ( c a p   l i n e r s ) ;   m a g n e t i c   r e c o r d i n g   f i l m   b a s e s ;  

p u n c h   t a p e   b a s e s ;   i n t e r i o r   s u r f a c i n g   ( p r o t e c t i v e   a n d  

d e c o r a t i v e ) ;   y a r n   ( s l i t   f i l m ) ;   s t r a p p i n g ;   p a c k a g i n g  

( c h e m i c a l ,   m e d i c a l ,   s t e r i l i z a b l e ,   e t c . ) ;   r o l l   l e a f  



c a r r i e r ;   e n c l o s u r e s   ( g l o v e d   c o n t a i n m e n t   b o x e s ,   o x y g e n  

t e n t s ,   e t c . ) ;   o f f i c e   m a c h i n e s   ( r i b b o n   s h i e l d ,   e t c . ) ;  

a p p l i a n c e   p r i n t e d   c o n t r o l   p a n e l ;   r o o f i n g ;   c r o s s - p l y  

s h e e t i n g ;   a i r   b a r r i e r   c u r t a i n ;   o v e n   l i n e r s .  
=  The  s u b j e c t   i n v e n t i o n   w i l l   be  more  f u l l y  

u n d e r s t o o d   w i t h   r e f e r e n c e   t o   t h e   E x a m p l e s .  

E x a m p l e   I  

An  a m o r p h o u s   c o p o l y m e r   f i l m   o f  

c h l o r o t r i f l u o r o e t h y l e n e   and  v i n y l i d e n e   f l u o r i d e  

( p r e s e n t   i n   an  amoun t   of  a b o u t   3 . 8   wt.   p e r c e n t ) ,  

w h i c h   was  18  i n c h e s   (46cm)  wide   and  5  m i l s   t h i c k  

( 0 . 1 3   mm)  was  s t r e t c h e d   on  a  2 - r o l l   s t r e t c h   a p p a r a t u s  

a t   100°C  ( m e a s u r e d   in  t h e   l s t   r o l l )   a t   a  f i l m   i n p u t  

s p e e d   of  10  f t / m i n   ( S c m / s e c   w h e r e   t h e   s t r e t c h   z o n e  

was  20  m i l s   ( t o   r e s u l t   in   a  r a t i o   of  w i d t h   of  f i l m   t o  

l e n g t h   of  s t r e t c h   zone   of  3 1 . 8 ) .  

The  f i l m   was  s t r e t c h e d   a t   t he   p e r c e n t s   s h o w n  

in   T a b l e   I .   P e r c e n t   s h r i n k   in   t h e   L o n g i t u d i n a l  

D i r e c t i o n   (LD)  and  t h e   T r a n s v e r s e   D i r e c t i o n   (TD)  a n d  

t h e   m o d u l u s   in  t h e   LD  and  TD  were   m e a s u r e d .  



A t t e m p t s   to   s t r e t c h   c r y s t a l l i n e  

p o l y c h l o r o t r i f l u o r o e t h y l e n e   p o l y m e r s   r e s u l t e d   i n  

f i l m s   t h a t   c o n t a i n e d   h o l e s ,   t e a r s   or  wh ich   w e r e  

u n e v e n   in   t h i c k n e s s .  

COMPARATIVE  EXAMPLE 

An  a m o r p h o u s   c o p o l y m e r   f i l m   s i m i l a r   t o   t h a t  

u s e d   in   E x a m p l e   I  was  s t r e t c h e d   in   a  m a n n e r   s i m i l a r  

t o   t h a t   e x p l a i n e d   in  E x a m p l e   I,  e x c e p t   t h e   r a t i o   o f  

f i l m   w i d t h   t o   s t r e t c h   zone   l e n g t h   was  a b o u t   0 . 9 .  

The  f i l m   was  s t r e t c h e d   a t   t h e   p e r c e n t s   s h o w n  

in  T a b l e   I I .   P e r c e n t   s h r i n k   in  t h e   L o n g i t u d i n a l  

D i r e c t i o n   (LD)  and  t h e   T r a n s v e r s e   D i r e c t i o n   (TD)  a n d  

t h e   m o d u l i   in  t h e   LD  and  TD  were  m e a s u r e d .   T h e  

T r a n s v e r s e   D i r e c t i o n   (TD)  d i m e n s i o n a l   c h a n g e   w a s  

a l w a y s   an  e x p a n s i o n .   The  LD  and  TD  m o d u l i   d i d   n o t  

i n c r e a s e   as  f a s t   as  in  E x a m p l e   I,   and  t h e   f i l m   b e c a m e  

so  f i b r i l l a r   a t   r a t i o s   a b o v e   250%  t h a t   t h e   f i l m   c o u l d  

n o t   be  c u t   f o r   I n s t r o n   s a m p l e s .  

L o n g e r   s t r e t c h i n g ,   b e g i n n i n g   a b o u t   250%,  t e n d e d   t o  

f i b r i l l a t e   t h e   f i l m .   I t   i s   s e e n   t h a t   t h e   TD  s h r i n k  

v a l u e s   a r e   n e g a t i v e   w h i c h   means   t h e   f i l m   e x p a n d e d   i n  

t h e   T D .  

EXAMPLE  I I  -   Hea t   S e t t i n g  

An  a m o r p h o u s   c o p o l y m e r   f i l m   s i m i l a r   t o   t h a t  

u s e d   in   E x a m p l e   I  was  s t r e t c h e d   in  a  m a n n e r   s i m i l a r  



to   t h a t   e x p l a i n e d   in  E x a m p l e   I,  e x c e p t   t h a t   a f t e r  

s t r e t c h i n g ,   an  a d d i t i o n a l   r o l l   was  u sed   f o r   i n - l i n e  

h e a t   s e t t i n g   a t   1 7 0 ° C .  

The  f i l m   was  s t r e t c h e d   at  t he   p e r c e n t s   s h o w n  

in   T a b l e   I I I .   LD  and  TD  d i m e n s i o n a l   s t a b i l i t i e s   a n d  

LD  and  TD  m o d u l i   were  m e a s u r e d .   The  d i m e n s i o n a l  

s t a b i l i t y   v a l u e s   were   b e l o w   3%  in  t he   LD  and  1%  i n  

t h e   TD.  In  a d d i t i o n ,   t h e   LD  and  TD  m o d u l i   i n c r e a s e d  

f a s t e r   t h a n   in   E x a m p l e   I ,   p a r t i c u l a r l y   t h e   TD,  w h i c h  

t e n d e d   to   b a l a n c e   t h e   m o d u l i .  

1  D i m e n s i o n a l   s t a b i l i t y  



1.  A  f i l m   of  s e m i - c r y s t a l l i n e   p o l y ( c h l o r o t r i f l u o r o e t h y l e n e )  

or  a  s e m i - c r y s t a l l i n e   c o p o l y m e r   of  c h l o r o t r i f l u o r o e t h y l e n e  

w h i c h   c o n t a i n s   up  to  5%  by  w e i g h t   of  u n i t s   of  a n  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o p o l y m e r i z a b l e   m o n o m e r ,   wh ich   f i l m  

e x h i b i t s   a  s h r i n k a g e   of  0  to   2  p e r c e n t   in  a  f i r s t   d i r e c t i o n  

in  t he   p l a n e   of  t he   f i l m   and  a  s h r i n k a g e   of  a t   l e a s t   1 2  

p e r c e n t   in  a  s e c o n d   d i r e c t i o n   in  the   same  p l a n e   as  a n d  

p e r p e n d i c u l a r   to  t he   f i r s t   d i r e c t i o n ,   when  h e a t e d   for   t w o  

m i n u t e s   a t   a b o u t   1 5 0 o C .  

2.  A  f i l m   of  s e m i - c r y s t a l l i n e   p o l y ( c h l o r o t r i f l u o r o e t h y l e n e )  

or  a  s e m i - c r y s t a l l i n e   c o p o l y m e r   of  c h l o r o t r i f l u o r o e t h y l e n e  

w h i c h   c o n t a i n s   up  to  5%  by  w e i g h t   of  u n i t s   of  a n  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o p o l y m e r i z a b l e   m o n o m e r ,   w h i c h   f i l m  

e x h i b i t s   t r a n s v e r s e   s h r i n k a g e   of  0  to  2  p e r c e n t ,   a n d  

l o n g i t u d i n a l   s h r i n k a g e   of  a t   l e a s t   12  p e r c e n t ,   when  h e a t e d  

f o r   two  m i n u t e s   a t   a b o u t   1 5 0 ° C .  

3.  A  d i m e n s i o n a l l y   s t a b l e   f i l m   of  s e m i - c r y s t a l l i n e  

p o l y ( c h l o r o t r i f l u o r o e t h y l e n e )   or  a  s e m i - c r y s t a l l i n e   c o p o l y m e r  

of  c h l o r o t r i f l u o r o e t h y l e n e   w h i c h   c o n t a i n s   up  to  5%  of  u n i t s  

of  an  e t h y l e n i c a l l y   u n s a t u r a t e d   c o p o l y m e r i z a b l e   m o n o m e r ,  
w h i c h   f i l m   e x h i b i t s   a  d i m e n s i o n a l   c h a n g e   in  a  f i r s t   d i r e c t i o n  

in  t he   p l a n e   of  t he   f i l m   of  b e t w e e n   0  and  4%,  and  a  

d i m e n s i o n a l   c h a n g e   of  b e t w e e n   0  and  2%  in  a  s e c o n d   d i r e c t i o n  

in  the   same  p l a n e   as  and  p e r p e n d i c u l a r   to  t he   f i r s t  

d i r e c t i o n ,   when  h e a t e d   at   150°C  fo r   30  m i n u t e s ,   and  t h e  

t e n s i l e   m o d u l u s   in  s a i d   f i r s t   d i r e c t i o n   is  a t   l e a s t   1 .5   t i m e s  

t h a t   of  an  a s - c a s t   f i l m   and  the   m o d u l u s   in  t he   s e c o n d  

d i r e c t i o n   is  a t   l e a s t   75%  of  t h a t   in  the   f i r s t   d i r e c t i o n .  

4.  A  f i l m   a c c o r d i n g ' t o  c l a i m   1,  2  or  3  w h e r e i n   t h e  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o p o l y m e r i z a b l e   monomer  i s  

v i n y l i d e n e   f l u o r i d e .  

5.  A  p r o c e s s   fo r   u n i a x i a l l y   s t r e t c h i n g   a  s u b s t a n t i a l l y  

u n s t r e t c h e d   f i l m   of  a m o r p h o u s   p o l y ( c h l o r o t r i f l u o r o e t h y l e n e )  

or  an  a m o r p h o u s   c o p o l y m e r   of  c h l o r o t r i f l u o r o e t h y l e n e   w h i c h  



c o n t a i n s   up  to  5%  by  w e i g h t   of  u n i t s   of  an  e t h y l e n i c a l l y  

u n s a t u r a t e d   c o p o l y m e r i z a b l e   m o n o m e r ,   c o m p r i s i n g :  

a)  p r o v i d i n g   a  p a i r   of  a d j a c e n t   and  p a r a l l e l   r o l l s ,   o n e  

r o l l   h a v i n g   a  p e r i p h e r a l   d r i v e   s p e e d   s l o w e r   t h a n   t h a t   o f  

t h e   o t h e r ;  

b)  c o n t a c t i n g   s a i d   s u b s t a n t i a l l y   u n s t r e t c h e d   f i l m   u n d e r  

p r e s s u r e   a g a i n s t   t he   s l o w e r   d r i v e n   r o l l   and  h e a t i n g  

s a i d   f i l m   so  t h a t ,   in  a  s t r e t c h   zone  b e t w e e n   s a i d   p a i r  

of  r o l l s   t he   f i l m   i s   a t   a  t e m p e r a t u r e   a t   l e a s t   4 0 ° C  

a b o v e   t he   s e c o n d   o r d e r   t r a n s i t i o n   t e m p e r a t u r e   of  t h e  

p o l y m e r ;   t he   p a i r   of  r o l l s   b e i n g   p o s i t i o n e d   so  t h a t   t h e  

r a t i o   of  f i l m   w i d t h   to  s t r e t c h   zone  l e n g t h   i s   a t   l e a s t  

3 / 1 ,  

c)  f e e d i n g   s a i d   f i l m   f rom  s a i d   s l o w e r   r o l l   i n t o   c o n t a c t  

w i t h   and  u n d e r   p r e s s u r e   a g a i n s t   the   f a s t e r   d r i v e n   r o l l ,  

t he   d i f f e r e n c e   in  p e r i p h e r a l   d r i v e   s p e e d s   b e t w e e n   t h e  

two  r o l l s   b e i n g   s u c h   t h a t   t h e   f i l m   is  s t r e t c h e d   b e t w e e n  

the   r o l l s   to  b e t w e e n   2 .5   t i m e s   the   l e n g t h   o f  t h e  

u n s t r e t c h e d   f i l m   and  t h e   b r e a k   p o i n t   of  t he   f i l m ;   a n d  

t h e n  

d)  h o l d i n g   the   f i l m   u n d e r   t e n s i o n   w h i l e   c o o l i n g   t he   f i l m  

to  b e l o w   t h e   s e c o n d   o r d e r   t r a n s i t i o n   t e m p e r a t u r e   of  t h e  

p o l y m e r .  

6.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   5  w h e r e i n   in  s t e p   c)  t h e  

f i l m   is   s t r e t c h e d   to  2 .5  to  5  t i m e s   t he   l e n g t h   of  t h e  

u n s t r e t c h e d   f i l m .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   5  or  6  w h e r e i n   the   r o l l s  

a re   p o s i t i o n e d   so  t h a t   t h e   r a t i o   of  f i l m   w i d t h   to  s t r e t c h  

zone  l e n g t h   i s   a t   l e a s t   1 0 / 1 .  

8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   5,  6  or  7  w h e r e i n   t h e  

e t h y l e n i c a l l y   u n s a t u r a t e d   c o p o l y m e r i z a b l e   o r g a n i c   monomer   i s  

v i n y l i d e n e   f l u o r i d e .  

9.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   5  to  8  w h e r e i n  

a f t e r   h o l d i n g   t he   f i l m   u n d e r   t e n s i o n   w h i l e   c o o l i n g ,   t h e   f i l m  

is  h e a t   s e t   by  h e a t i n g   i t   w h i l e   u n d e r   r e s t r a i n t .  



10.  An  a r t i c l e   c o m p r i s i n g   a  s u b s t r a t e   and  a  c o v e r i n g  

o b t a i n e d   by  a p p l y i n g   to  s a i d   s u b s t r a t e   a  f i l m   as  c l a i m e d   i n  

c l a i m   1  or  2  and  h e a t - s h r i n k i n g   s a i d   f i l m .  
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